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PROGRESS REPORT

(Period September 1, 1983 through March 15, .1984) -

General description of the work in proqress

The study of the short-term (1 min - 6 hrs) effect of DFP on acetylcholine -"-.
metabolism and synthesis, puoillary function and acetyicholinesterase inhibi-
tion has been completed. A summary of the results obtained have been included
in the previous progress report of September 1, 1983. The full paper describ-
ing these experiments has been accepted for publication in Neuropnarmacology
(see Appendix I).

In the next part of our study we have investigated the kinetics of the .....
high affinity choline uptake (HACU) and low affinity choline uptake (LACU) •
system in the densely cholinergic innervated albino rat iris. The ionic
requirements, temoerature sensitivity, and pharmacology of the system were
determined. The manuscript describing these results is in preparation.

A summary of these resu!ts is reported in the following section. In addi-
tion, we have stjdie3 the ability of the aging cholinergic synaose to take jo -•.

choline, release acetylcnoline and to deplete and reform synaotic vesicles. A
sunary of this study is reported here. The results of this study are in
puolication (see Appenaix 11).

The resuts descrioej in the progress reoort have been corwnunicated at -

several naticna; ana int-ernaton!.a meetinas. The aostracts of tne conmunica- -
tions are attacneo -,see ADDenaiX !I!).

Pnarmacolooical ano ki.etic cnar!:terizat 4on of choline transort in the -at
iris

The pharmacology, ionic deoendency and temoerature sensitivity of the
choline uotake system mas determined in irises dissected ana oreincubated for
10 in a 37*" in a bu.fer solution containing I 'jM unlanellea cnoline spiked
with 1% 3H-cno ine In the pharnacological studies, drugs at various concen-
rations were includea in the second incubation step in the presence of
H-chol ine.

Diisoprooylfluoroohosohate (DFP) was dissolved in prooylene glycol which
was then adoei to the uptake buffer. The stability of DFP in the aqueous
solution was determined by incubating irises in the solution at various times .
up to one hour. The irises were then homogenized and .acetylcholinesterase .

(AChE) activity was determined by the rapid method of Johnson and Russell
(Analyt. 8ioche.t., 64:229-233, 1975).

A Lineweaver-Burke plot of the kinetics for HACU and LACU is shown in
Fig. 1. The K.,, for high affinity uptake was 3.23 umoles with a Vmax of
12.5 pmoles. The low affinity uptake Km was 68.4 umoles with a Vmax of
1023.54 pmoles.

High affinity choline uptake was demonstrated to be temoeraturd- and
sodium-sensitive. Control uptaKe at 37C was considered to be equal to 100%.
Decreasing the temperature to 20"C and 4C resulted in a decrease of uptake to
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32% and 15% of control, respectively. Sodium sensitivity was determined by
*substituting evuimolar amounts of Na+ with Li+. Control uptake in the

presence of N a ions was considered to be equal to 100%. Increasing the
concentration of Li+, with a consequent decrease in Na+, resulted in a
decrease in uptake from 72% to 42% of control.

The pharmacology ~f the HACU system in the rat iris is shown in Fig. 2.
Hemicholinium at 10-94 and 104M4 decreased choline uptake to 28% pnd

* . 44% of control, respectively. Ouabain (1CO. , MO' and 10-:M)
inhibited choline uptake to 57%, 82% and 88%, respectively. The acetylchol in-

* esterase inhibitors, physostigmilne and DFP had similar effects on the HACU
* system, with DFP demonstrating to be a more potent inhibitor of the uptake.

Physt~stigrnine decreased choline uptake to 78% at its highest concentration
(10--N). On the other hand, DFP inhibited ch9line uotake to 71%, 70% and
78% of control at 10-3M, 10-4~M and 10-'M, resoectively. Scopol-

a amine, a muscarinic antagonist decreased choline uptake to 82% of control at
* its highest concentration (10-3M).

Of special interest to this study is the effect of OFP on Ch uptake. We
* have Jernonstrated tnat although thiis agent's primary role is to inhibit AChE

activity, it also decreases Ch uptake and potently inhibits ACh release (Mattlo
IL et al., 1984) (attached). These effects can be explained only in part by the

increased ACh levels in the tissie.

A-;nc of cholineraic svnaoses -uotake and releasina mecnariisms

' e have -1ade ise of the ciliary aanalion-iris preoaration of the aging
(L- s) cnic (en as 43 Iocel of senescent oer~one-al cnolinergic syria-:ses.

N e.jr:-ius--u13r junctions in tie iris of aging chickens show early (1.5 yrs)
morcnolccical signs of damage such as, reduction and oolloronism of synaptic

*vesicles and increase of neurofilamrents and mnitocnonaria. Accumulations of
cyto7smiic organelles and lysosomes are seen in the axoolasm- of the nerve
fioe-. At later stages (5-9 yrs), the nerve ending is enveloped by Schwann
cells infiltrating and- filling the synaotic cleft. Quantitative morohometric
chaiaes in the ratio describina the relationsnio between volumes of terminals

*ana volumes of synaotic vesicles show a progressive decrease in the volume
OCCupied by synaotic vesicles. The ability of the cholinergic synaoses to take

- - uo iYH-choln n ees h formed 3H-acetylcholine (Akh) in response to
b high K+-depol ar izat ion is imoaired at 5 yrs resulting in a significant

de~letion of the 3H-ACh releasable pool. These experiments seem to point out
for the first time a selective functional defect in the cholinergic synapse. -

during aging.

ATTACHMENTS: Appendix I
Appendix II
Appendix III
Figure 1
Figure 2



Kinetics of Choline Uptake
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FIGURE 1. Lineweaver-Burke plot of the kinetics for HACU and LACU
in rat iris.
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SU MMAR Y

The time course of the effects of the topical administration of I ug of

diisopropylfluorophosphate (DFP) onto the cornea of the rat on iris function

and acetylcholine (ACh) biochemistry was followed for 6 hrs after the acute

inhibition of iris acetyicholinesterase (,,.ChE). Pupil diameter was normal at

1 min but fro~m 5 min to 6 hrs after DFP, pupil size was less than 500 control.

As measured by infrared video pupillography, complete miosis occurred within

3.5 to 4.0 min after the application of DFP. From this time point on, up to

6 hrs, a pupillary licht reflex could not be elicited.

Acetylcholinesterase activity in the iris was reiucec to 36% of cortrol

m. min after application of FP, cecreased to SI at 5 min and still remained far

below control values at 6 hrs. 'cetylchcline levels in the iris were increased

by 3-4 1 ri.in after Z FP and by 54% at 5 min. This increase remained stable for

120 rin ard thien started to return to control values but was still 261 above

controls at 6 hrs. Choline Ch) levels in tre ir-is were decreased by 22% 5 min

after FP but ouickly returred to normal and we-e the same as controls at all . --,-

other tire points tested.
Evidence consistent with the presence of muscarinic presynaptic auto-

receptors on cholinergic nerve terminals in the rat iris was provided by

experiments involving electrically stimulated release of labelled ACh from

isolated rat irises. FP (I0-4 to 106m) and certain concentrations of

Ch (104 M) had an inhibitory effect on ACh release that was blocked by

scopolamine (10-6 M).

The rat iris is an excellent tissue to use for studying pharmacological

agents such as OFP since biochemical parameters can be readily correlated with

measurements of physiological function. Moreover, the iris is considerably

hardier and longer lasting than a brain slice and morphologically is more

homogeneous.

.L.'
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I TRODUCTI ON

Neurobiologists have used organophosphates a5 powerful tools to elucidate

the role and mechanisms of cholinergic neurotransmnission in both the central

and peripheral nervous systems. The organophosphate, dilsopropyiphosphoro-

fluoridate (DFP), i s a potent irreversible acetylcholinesterase (AChE) inhibi-

ting agent that phosphorylates the active enzymatic site forming a covalent

enzyme- substrate complex (ollnstedt, 1959). In addition to its irreversible

nature, DFP occupies a unique position in neuropharmacology due to its rela-

tionship to both pesticices and cnemical warfare aaents.

Acute administration of, or accidental intoxication by, organophospnates,

results in neurological syf-otoris and behavioral effects well-correlated with

inhibition of AChE7 and consequently to the ac:urrulation of acetyl.choltire fCh)

at rece:ptor sites. Scrme of these symvtomsic akdmoioa and

nasal secretions, rusCil!ar fasciculations, hyperactive reflexes, and mertal

depression (Sidell, 197-). most of these sy1riptor-s can be alleviated by at-c-

pine administration irdicating specific cholinergic invoive"7,ent. This effect

of prolonged elevated *Ch levels at receptor sites has been extensively studied

in brain to determine the effects on acetylcholine biocheristry.

*In vivo administration of organophosphates increases A-Ch levels in brain

to a maximum within 5-10 minutes (Mayer and Michalek, 1971; Bignami, Rosik,

Michalek, Milosevic and Gatti, 1975; Modak, Stavinoha and 'Weintraub, 19,75).

*This marked increase has been related to the accunulation of ACh in cholinergic

terminals as well as in the synaptic cleft (Modak et al., 1975; Wlecker, Mobley

and Dettbarn, 1977). With prolonged AChE inhibition (2-3 hrs), ACh levels in

brain drop significantly toward normal levels (Mayer and Michalek, 1971;

Bignami et al., 1975).
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However, intrinsic problems exist in the study of the effects of

organophosphates in brain due to the morphological heterogeneity of this organ.

Brain preparations are more complex because of the co-existence of cholinergic

cell bodies and terminals with a variety of other neurotransmitter cell

systems. Therefore, it is advantageous to study the effects of these compounds

in a less heterogenous tissue such as the iris. The iris contains a dense

plexus of cholinergic nerve terminals whose cell bodies are located at a dis-

tance from the organ in the ciliary ganglion. It has long been used in auto-

nomic pharmacological studies and is extremely well-suited for these studies

,jiazobini, '97.). It allows sequential analysis of function (miosis or

mycriasis) and si-ultareous measurement of cholinergic parameters such as AZh

synthesis, accumulation, turnover, release anj cegraia:ion ,3iacoini, 19S3).

Fonnum, Soli, Opstad, Opsahl and Lunc-Karlsen (.9S!) and Soli, Lund-

Karlsen, Posahl and -cnnum s-n found a linear cor-e!aticn betqeen pupil size

and AChE inhibiticn after topical administration cf sc-an or CFP in the guinea

pig. However, these investi-ators did not measure accompanying biecherical

chances in Ahh and choline (Ch) nor did they analyze the evoked release of ACh

from cholinergic terminals. The present study seeks to correlate the levels of

ACh, Ch, the stimulated release of "Ch, and A:hE innibition with the physiolog-

ical pupillary function as determined by infra-red pupillometry (Murray and

Loughnane, 1981) after acute topical administration of DFP to the albino rat

eye. The correlation of the biochemical effects of CFP administration with the

physiological function of the iris, will give insight on the variety of effects

DFP has on both central and peripheral cholinergic systems. Determining the

events that occur after DFP administration will lead to a more thorough under-

standing of cholinergic neurotransmission as well as a background concerning

:--::.
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new approaches to the treatment of organophosphate poiscning. Preliminary

reports of these data were given at the Society for Ieurcscience (Richardson,

Mattio, Bernstein-Goral and Giacobini, 1982; Mattio, Giacobini and Richardson,

1983).
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MATERIALS AND METHODS

Animals

The topical application of 1 iug DFP (Sicma) in 5 uil of peanut oil to the

' cornea of Sprague-Dawley rats (Harlan) was performed with a Hamilton syringe,

* with vehicle administration (peanut oil) done in parallel. For the biochemical

studies, the rats w&re decapitated at various tines after the FP application,

the irises were dissected immediately in ice-cold Elliot's F tuffer and a pre-

liminary measurement of pupillary diameter was made using an ocular micrometer

(20x nacnification). For the Pu:illography studies, the rats were placed in a

restrairer as cesc'ited Celow. 'rises from crug free rats were useo in the

release exDeriments as detailed -lcw.

A -cetvl !c ires .e- ... ,- I ii0.

CnE activi-y was de:er-inec in aliqucts of iris noc.:cenate using tt.e

rapi ,etho c' Jcnnson arc. 1ussefl (1975). "-- activity was cete--ired at

various ti.es a"ter FP irection in triplicate ar cc-Parec to cil injected

ccntrcls. Trese sa-:les were also washed with equal volu-es cf chlcroform to

remove excess -:D arc prevent false low .ChE activities. Data were analyzed by W

. an unDaired Stucent's t-test to cetermine sicnificance.

'Ch and Ch Levels

ACh and Ch levels were determined in the iris from 0 to 260 minutes after

topical acministration of FP by the radioerzymatic metnod of ?McCaman and

Stetzler (1977). Briefly, this method uses the enzymatic incorporation of

from Y-labelled ATP into the choline molecule to for I2P-phospho-

- choline. To determine tissue ,',Ch levels, the tissue was preincubated with

- choline kinase and unlabelled ATP, for 15 min. After this preincubation, the

tissue is then ircubated with 'ChE, which hycrolyzes ACh to leave free Ch,

.........-.-.-.............°,•. . ...................... .... .. ...... .°'
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w~hich subsequently is phosphorylated with 3 'LP-ATP. For determination of

tissue Ch levels, the 32p-ATP is included in the first incubation and no

AChE is added. Assays were carried out in duplicate including internal

- .standards (10 pmoles) with a minimum of eight irises per time point. Samples

* . were washed with equal volumes of chloroform to remove excess, unbound DFP that

was found to inhibit the AChE activity added as part of tChe assay procedure.

Data were compared to oil injected controls ran in parallel by an unpaired

Student's t-test.

Irfra-red Puv'_llcnetry

Continuous reasurenments of pupil area after exposu-e to 'FP were cone by

usin brghtField infra-e ilumn-ion as described :y v Lrray and Lcughnane

'1981). Rats were corditionei to sit in a restrarner t~at irnioited head

move-ent until t-ney showed little, if any, stress evcked nenavior Ceteemired by

pupillary mydriasis. ?.crmal pupillary licht reflexes were ce-zermired refcre

and after vehicle application (Peanut oil',. ^PFP was tnen applied t.-:ically ard

pupillary respcnse was recorded until maxi7,al pupillary 7 icsis was ,determined

and no light reflex could be elicited.

Fuffer

Elliot's S buffer 'Ellict, 19;:0) containing 122 "V~ tal, 1 .3 KM KC1

1.2 fM1 CaCl 2 , 0.4 0f*I KH2PO4 , 25 f*1 I~aHC03  and 10 rim glucose in double

distilled water, was made fresh every second day and stored at. 40C wnen not in

use. Prior to each experiment, the Elliot's B buffer (EM) was bubbled with

951. 02 51AY C02 until pH 7.4. All buffer was continuously bubbled with 95%

* 02 5% C02 throughout the perfusion-stimulation periods.

* . -Ch U~ptake

In studies involving the labelliro of ACh pools ty uptake of -H-Ch, the
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uptake parameters were as reported by Richardson, Mattlo and Giacobini

(submitted). Briefly, irises were dissected and pre-incubated for 10 minutes

at 370C in EBb in a shaking water bath. After pre-incubation, irises were

transferred to wells containing 0 u unlabelled choline spiked with 14% 3H-

choline (New England NIuclear 80 Ci/nimole). Tissue was incubated for 5 minutes

and then washed in 5 ml of buffer. Irises were then placed in th~e release

chambers and run as explained bel1ow.

Perfusion-stimulation P-elea-se of 'Ch

The release of 3H-acetyl-.holire from the parasymoathetic nerve terminals

in the iris was determiined .sirc a modificaticn cf the procedure developed ty

-Pctashner (1.978, 1979). :_ac , stimulation chariber was a Icm" 11ianeter plexi-

g-lass sleeve into w~ich ccult ze Inserted pluncers with a flat platinum :oil

electrode on the enCd and a cwerfu.sion cannula. 7he plungers were positioned so

that the platinum coills were 5 to 6 n arpart wnich created a stinulation

chainter of about .5 ml volu7e that could be Fe-fused via the cannula. 'cur7

*such chambers were tuilt into a plexiclass box con~structed so that water at a

constant temperature (36*oC LnleSS stated otherwise,' cc ult be circulated around

.* .. o

each chamber by a Haake neater circulator.

Each iris was placed' on t'ne platinum grid of the lower plunger, the u-per

plunger was inserted into the sleeve, and E.Sb with or without drugs, was

perfused through the charn~er at a rate of 1 ml per minute by a peristaltic

pump. The perfusate from each chamber was collected in 1 minute fractions in

separate mini vials by using a modified drop guide on a Pharmacia Frac 3O0

fraction collector. After 10 minutes of perfusion, each iris received

electrical field stimulation for 1 minute from a Grass Model S11 stimulation

Sunit through a capaciter cirCuit to create a biphasic nearly square wave

...............................
(submitted)~~... .. .. Brif.... ri.....e.. ssetedan.. r.-..ubted.or.0.miute

....... *i E% bin **sha .......... bat.Atrpeinuain irss ee --
..... ..... ..... ... .. .
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stimulus of 20 mA, 50 Hz of 5 ms duration, which was then passed between the

platinum coil electrodes and monitored on an oscilloscope. This frequency was

observed to give maximal release of ACh under our experimental conditions. The

1 minute stimulation period was repeated every 5 minutes for 20 minutes such

that each tissue was stimulated four times and each stimulation was followed by

a 4 minute washout period. At the end of the fourth washout period, the

* radioactivity remaining in each iris was determined by placing the iris in 1 ml

of absolute ethanol in an oven at 60*C for at least 1 hour. Two mls of

scintillation counting cocktail was added to each perfusate fraction and to the

ethanol extract of each iris. The radioactivity in each sample was .easured in

a scintillation counter (BecKman moael LS 5.200). ,

The electrically-stimulated release of 3H-acetylcholine from the rat

iris was characterized by studying the temperature and ion depenaency of the

evoked release. It was determined that in the absence of any cholinesterase

inhibiting drugs in the perfusion buffer, the radioactivity appearing in the

1 minute fractions collected during the minute after an electrical stimulation

was at least 90o, 3H-acetylcholine.

Drus: The effects cf various drugs on the release profile were deter-

mined by dissolving the drugs in the EBb used to perfuse the tissues. The

stability of the anti-cholinesterase potency of 1 uM DFP in aqueous EBb was

established by mixing the DFP in the buffer and adding aliquots of this I UM

DFP solution to homogenates of rat 'iris after various time periods up to

40 minutes. AChE activity was then determined 5 minutes after the DFP was

added to the homogenate. The DFP did go into solution in the EBb and produced

a 75-80% inhibition of iris cholinesterase activity at all time points tested.

* o- .
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Calculations: The radioactivity in each 1 minute sample was converted

into a release fraction in which the radioactivity in each sample is expressed

as a percentage of the total amount of radioactivity in the tissue at the start

of each 1 minute collection period (Potashner, 1978). This total tissue radio-

activity is calculated for each I minute period by adding the radioactivity in

that particular 1 minute sample to the radioactivity in all subsequent samples

including the radioactivity remaining in the tissue at the end of the experi-

ment. The release profile is obtained by plotting the release fraction of each

1 minute sample. In the absence of any stimulation, a certain amount of radio-

activity is constantly being released, presumably ty spontaneous discharge of

the neurons. When calculating the release evoked Dy the electrical stimula-

tion, this sportaneous release must be taken intc account. The relationship

between the spontaneous release and the stimulation-evoked release is expressed

as a re.ease ratio which ccrects for chances in spontaneous release. This

release ratio is given by the formula EP-SR x IC) where .EP=evoked release
SR

and SR=s:c-.tanecus release.

A -z

...- :-:.. ..........~.'.*.



RESULTS

Pupill ometry and Biochemistry

Pupil diameter, measured with an ocular micrometer following dissection,

unchanged at 1 min (Fig. 1). At 5 min pupillary miosis was observed

(40% of control) which lasted, with some minor fluctuations for at least 6 hrs. j
Infra-red pupillometry showed that at I min the pupil area was starting to

decrease, but was still rather large (Fig. 2). Beyond this point, a steady

decline in pupil area was recorded. By 3.5 to 4 minutes, complete miosis was

observed and no further pupillary light reflex could be elicited. The iris

remained unresponsive for at least 6 hours.
Acetylcholinesterase activity was significartly reduced to 36" of cotro.

Smin after DFP application .Fig. 1). It then fur.her decreased to S% of

ccntrol after 5 min an, remained decreased recoverinr to only 2". of control

activity after 6 hrs. Acetylcroline levels were significan:ly increased 4-

over control, one min after LFP injection (Fig. I). By 5 min, ACh levels

appeared to peak (54't) and remain relatively constant for 120 min, after which

they decreased but were still significantly increased over control '' at

6 hrs. Choline levels were unchanged 1 min after DFP injection (Fig. 1).

However, by 5 minutes they were decreased to 78. of control. At 15 minutes, Ch

returned to control levels and remained unaltered for the duration of the

experiment.

Release of 3H-ACh

The electrically stimulated release of 3H-ACh from the rat iris was

characterized by determining the appropriate parameters of release. First, it

was determined that the tritium released was indeed 3H-ACh. Irises were

assayed for ACh and Ch content before and after stimulation (20 M, 50 Hz,

.....................................
-o- , o ° - ' .- - ,° o . . ° ° - °°- ° o, . -* , ,- ,- .- . , -. * ,. *- *- , • " . * - , - . • • . ° . ° . ,
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5 mns). Tissue levels of Ch were unchanged whereas ACh levels were decreased

almost three-fold, demonstrating that 3H-ACh was being released (Table I).

*Temperature and ionic requirements for release were also determined. 3H-

Acetylcholine release was completely inhibited at 0*C and decreased to 74% at

23% when compared to release at 36% (Table 411). The initial release of

3H-PCh at 400C was unchanged from control , however by the fourth stimulation,

the iris was unable to release 3H-ACh at this hich temperature. Release of

3H-ACh was also demonstrated to be Na4  and Ca* deoendent fTable III).

Sodium was sutstituted in the buffer by equir'iolar amcurts of LiCi or by 240 -0i

sucrose. Both decreased release with LiCi havirg t"e -cst profound effect.

Release was Cemonstrated to be highly decendert cn Ca4+ ' .hen Ca++ was

omitted fr-oi the buffer, evoked release was not seen. Trese cata demonstrate

that the release of 3H.-Arh frcm the rat iris, in cur system, shows ternDera-

* ture ar~d ionic s:)e:ificity assc-ciated with the in vivc release of neurotrans-

nitters fro-, nerve endincs.

The pha--mazoi1ogi-,al analysis of the release of -'H-A~h revealed the

*presence of a presynaptic muscarinic receptor in the rat iris as it has been

described in other tissues including the CNS. When stim-ulated, this muscarinic

autorecevtor inhibits release of ACh (Kilbincer and Kruel, 1981; Marchi ,

*Paudice and Paiteri, 1981). Blocking this presynaptic autcreceptor with

scopolanine, a muscarinic antagonist, increases the release of 3H-ACh in a

dose-dependent manner (Table IV). Choline (10-4 M), which has been shown

to act as a muscarinic agonist at high concentrations (Kilbiriger and Kruel ,

1981), inhibits the evoked release of 3p. Ch from the rat iris (Table IV).

*Choline 1i0-3 w) increased the spontaneous release of 3H-A'Ch in our

preparation as described by Kilbinger and Kruel (:98). This increase in
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spontaneous release of ACh is not understood but appears to be an effect

related to the presence of a presynaptic muscarinic receptor. These results

are consistent with the hypothesis that a presynaptic muscarinic autoreceptor

is present in the rat iris.

Diisopropylphosphorofluoridate, at concentrations where 90" or more of

AChE activity was inhibited, decreased the release of 3H-ACh (Figs. 3 and 4).

This effect was reversed when scopolamine at 10'"6;1, a concentration which

in itself did not increase release (Table 4), was included in the perfusion

buffer. As the inhibition of AChE activity was decreased by lowering the

concentrations of OFP, so was the effectiveness of FP on innititing 3 H-ACh

release. At higher concentraticns, 10- 4M and 10-5x, DFP increased the

spontaneous release of 3H-ACh (Fic. 3). This increased s:cn:aneous release

was taken into consideration by expressing the data in a release ratio as

described in the methods.

-.... . . . .

-. . . . . . . . . .. . . . . . . ...- '.-. . -
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DISCUSSION

Endogenous ACh levels were increased at each time point studied after

topical administration of DFP. This increase can easily be explained by the

primary effect of DFP on inhibiting AChE hydrolysis of ACh, thus allowing ACh

to accumulate in neuronal terminals as well as in the synaptic cleft (Modak et

*al., 1975; Wecker et al., 1977). These results correlate well, quantitatively

and temoorally, with the data from other investiceat~ors on brain ACh levels

after AChE inhibitor administration, dependine cn dose or route of administra-

tion (Maye- and michalek, !971; Pignami et al., 1975; Stavinoa, Mlodak and

Weintraub, 1976; 'oecker et al., 1977). However, a 'Few hours after the ,ArhE

inhibition, Ahlevels have teen reported to trccD signi ficantly toward control

* levels in crain (?ayer and "'ichalek, 197:; Bi cnami et al., 1375), but in the

*iris, ACh levels are still elevated six hours after AChE inhibition. This

apparen~t discrenanzy may be due to the fact that the iris contains only

cholineroic ternminals in ccntrast to brain whic'. has both terminals and cell.- .

bodies. Also, tc:)ical administration of DFP m"ay provide for a longer, m~ore

direct exoosure of the drug resulting in more prolonged increases in ACh.

A ccrrelatior between biochemical effects and physiolocical function of

the iris was made in this study. Pupil diameter recorded by ;upillometry was

- unchanged 1 min after DFP administration but by 5 min pupillary milosis was

maximal and a light reflex could not be elicited. Acetylcholinesterase activi-

ty at 1 min was decreased but not to" its maximal extent as seen at 5 min It

* appears that the IAChE activity (36%) present at 1 m~in was sufficient to prevent

miosis. However, ACh levels were increased at m nin but again not to the

2extent that they were at 5 min. This increase in -Ch may be intraneuronal and

due to an acionistic effect of DFP on the presynaptic muscarinic receptor
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resulting in a decrease in release of ACh, thus increasing intraneuronal ACh

stores. An intraneuronal increase in ACh would explain the lack of a miotic

effect at this time. Also, it is possible that I min of DFP exposure is not

sufficient time to observe the miotic effect. However, as determined by infra-

red pupillometry, the miotic effect elicited by a light flash is extremely

quick in a control animal, occurring within 4-8 seconds. It seems probable

that 1 min is enough time for the iris musculature to respond to extraneuronal

ACh indicating that at this tine ooint the increase in ACh is intraneuronal.

By 5 min AChE inhibition was maximal and a buildup of extraneurcnal and

probably intraneuronal ACh was apparent resultirg in continuous stimulation of

the iris musculature and complete miosis.

Although the primary direct effect cf DFP is to inhibit AChE activity, we

observed a decrease in the evckec release cf ACh from the nerve terminals in

the presence of DFP. This decrease in release can be explained by stirulaticn

of the presynaptic muscarinic receptcr we have described in the iris. Extra-

neuronal ACh would be expected to accumulate and to act on the presyraptic

muscarinic autoreceptor to result in a decrease in release. This effect was

reversed by scopolamine. However, the possibility that DFP may have a direct

effect on the presynaptic muscarinic receptor, especially at the early time

point of I min, can not be ruled out. It has been demonstrated that brain

preparations contain a presynaptic muscarinic receptor that inhibits release of

ACh by a negative feedback mechanism (Marchi et al., 1981). These receptors

appear to be identical or very similar to peripheral muscarinic receptors

(Beld, Van Den Houen, Wouterse and Zeners, 1975; Raiteri, Marchi and Paudice,

1981). However, it remains to be determined whether DFP affects central

muscarinic receptors in the same manner as peripheral receptors.

v.. . . . . . . . . . . . . . ... . * .... .,,. . '. " .""""'-"""','-.,.,:. -. ,".-, ,-."",-"-"
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Our study indicates that the rat iris is a good model in which to study

the short-tern cholinergic effects of anticholinesterase agents and in which to

correlate biochemical and physiological parameters with the pharmacological

actions of various other agents as well. To our knowledge, this is the first

paper to demonstrate the existence of a presynaptic muscarinic autoreceptor in

iris tissue and we have shown that this autoreceptor may have a role in

regulating ACh release after DFP treatnent. Although the primary action of DFP

is to inhibit AChE activity, DFP also leads to a decrease in the release of

ACh. This seconaary action nay prove to be an imuortant characteristic of the

drug that .-ay nelp to elcicate the mechanisms of cholinergic neurotransmission

and to GeveloD anticotes to ;reserve iris function following environriental -.

exposure to anticnolineste-ase agents.

-

I.°
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FIGURE LEGENDS

Fig. 1. The tine course of the effect of DFP (topical administration; 5 Ug in

5 ul) on AChE, puoil diameter, ACh and Ch levels are demonstrated.

Pupil diameter was measured with an ocular micrometer. * p < .001,

* p < .05.

Fig. 2. Infra-red Video pupillogram from a rat after vehicle administration

(oil) and DFP. At the points indicated the liqht was turned on or -

off. The sharp dowrward deflections are due to blinking of the eye.

Pupillary Ilicht reflexes could not be elicited after 3.5 to 4 min.

rig. 3. Release profiles e-cns:rating typical release patterns in ccntrol (C)

and CFP trea:ed tissues. The horizontal bars indi:ate the I min

period of electrical s:imulation. N'cte the increase in sportaneous

3H-ACh release at :I^", and 10-5 ,i 2c"P (see Results).

Fig. 4. Dose-response relation of the release cf 3 H4,rh in tle p-eserce of

various D": corcentrations and DFP plus 10- v sccpoiam ine. .

Results were calculated as the release ratio and expressed as a

percent of control (control release ratio=222.2) with control

equalling :01'. ACh- activity in the iris is indicatec at the various

concentration of -FP. p < .001, ** p < .01.

OtSlI ?.-
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TABLE I

Acetyicholi ~e and choline levels in irises after 3H-Ch uptake and stimulated
release of 3H-ACh.

After
After Uptake and

Control Uitake Release Chance

ACh
(prmol)/iris 151.0 ± 11.42 645.10 ± 48.76*-* 223.14 ±31.8*** 289.0

±S.E.

Ch
(pr~ol)/iris 147.6 ± 25.4 176.6 ± 9.76*** 17.1 1.~ .4

±S.E.

Sp < .031 when com~pared to ccntrol levels. %change in release was calculated

*as the chanqe in tissue levels determined a'ter 3H-Ch uptake and stimuiaten

release.

-~ -. . %
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TAB;LE 11

Effect of temperature on stimulated release of 3H-ACh.

Temperature Release Ratio ±S.E. % Release

00-C- 98.1 ± 14.3 0

230C 170.5 ±12.4** 74.5

370C 222.2 ±1C.5 100

1100C 230.2 ±30.2 103.6

*Release ratio (evcked-spontanec us/,spontaneous x 100) was et ermi red as

described in "'ethods w',ere sc-ontareous release 1 00. p < p <.

* when ccm'Paret tc release at 37*C.
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TABLE III

*Effect of sucrose and LiCl substitution for Na+ and effect of Ca++ free
medium~ on 3H-ACh release.

Ions Release Ratio ±S.E. % Release

Sucrose 240 rrt 151.54 ±13.32*** 65.4

LiCi 125 rt1 95.9 ±44,'** 0

-CaCd 111.3 ±3.*** 9.3

Control 222.2 ±10.5 100

Sp < .001 when com'pared to controls. Release ra*6io=,evoked-spcnt.aneous) x '100
sDonr-.C'Js )
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TABLE IV

Release of 3H-ACh in the presence of scopolamine or choline.

Scopolamine Choline
Release Ratio Release Ratio

Conc. ± S.E. Release ± S.E. P Pelease

10- 3M - 212.2 ± 15 96

10- 4M 439.6 ± 8.3 188*** 164.6 t 11.9 74***

10- 5M 329.0 ± 35 141*** 220 ± 9.4 99

10-6M 232.7 ± 12.1 105 233.5 ± 14.1 104

10-7M 211.4 19.4 95

10-8M 217.7 _ 22.6 93

Values were corpared to the control release ratio of 222.2.
Release ratio=(evoked-srontaneous) x 10-0

( sp tarecus )•***P < 01 .

U-.

. ~ *...*o..

. . . . .. , . .. . , .e, . o , . .. . • .. b.* . . . .
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AGING OF CHOLINERGIC SYNAPSES: FICTION OR REALITY?

E. Giacobini, I. Mussini* and T. Mattio - -
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INTRODUCTION

Cholineraic svstem- and aoina of the human brain

The normal process of aging of the human brain seems to be associated with

a loss of both cortical and subccrtical neurons (Table I). A central problem

is whether this decrease in numoer of neurons is related to neurotransmitter-

s:ecific systems or whether it involves unspecifically all neuronal systems.

Peceit autopsy and bioosy studies in humans (Tatle ) indicate that aqing of

the brain is inceed a;cz-oaniei by a loss of neurons in certain areas, mainly

in soecific ccrtical regions. However, no sin icant chanaes in ce'l nu-..er

are found in other areas, suvi as brainstem nuclei, cranial nerve nuclei.

ocns-hyootna'jxic areas or tne eduilla oblonqat3 (Table I). A review of the

recent morphological and bio:nemical literature (Table I) suagests that the

number of brain regions known to escaoe neuronal loss in the course of tne

aging process has grown. Therefore, it seems that in the aging human brain two

populations of neurons coexist side by side. One undergoing regressive changes

leading to cell death and a second surviving and undergoing continuous and

dynamic growth of processes. In pathological conditions, such as in Parkinson

and ;lz.heimer diseases, some decreases are found in corresponding areas but not

in other, indicating a variance from normal aging (Table I). The most

*Natl. Res. Coun. Unit for Muscle Biol., Inst. Gen. Pathol., U. Padova, Italy
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pronounced difference is seen in the substantia innominata (nucleus basalis of

Meinert) of Alzheimer patients, with a 75-800 loss in neurons (2,19,20). It

should be noted that in the same nucleus a 66% decrease in cell density is seen .6

also in Parkinson patients (Table 1) (1). A decrease in number of cells in

Alzheimer brains is seen also in non-cholinergic nuclei such as the locus

coeruleus (Table I) (10,18). In spite of the fact that neuronal loss in

Parkinson disease may be the same or greater than in Alzheimer disease

(Table 11), no extensive cortical abnormalities either morphological or neuro-

chemical (ChAc, cholineacetyltransferase activity) have been renorted in the 0

former disease (1). A similar situation is found in the locus coeruleus where

neuronal loss in Alzheimer brains is not correlated with a reduction in .

cortical activity of noradrenergic enzymes (10). The mechanism of neuronal

loss may be different in the two diseases as suggested by the differences in

pathological changes observed in oerikarya and neurooil. In fact, there seems -

to be no apoarent relationsnio between the formation of characteristic neuro-

fibrillary changes in one case and the presence of Lewy bodies and neuroaxona.

spheroids in the other. It looks, therefore, unlikely that the two abnormal-

ities might reoresent different manifestations of the same disease. Recent P-.

results on changes in cell density, total numDer of cells, ChAc and AChE..

lacetylcholinesterase) activity in the nucleus basalis of human controls and

SOAT (senile dementia of Alzneimer type) brains are reoorted in Table I. It •

can be seen that all four parameters are strongly affected in SOAT patients,

however, contrasting differences between results of various investigators are

seen in cell number and cell density (1,11,19,20). -

In conclusion, in the case of Alzheimer disease, both morphological and

neurochemical results suggest a primary degeneration of cholinergic axons and

terminals projecting to cortex and a secondary loss of cholinergic neurons in

• - % ,-4 .



TABLE I
CHANGES IN NUMBER OF NEURONS WITH AGE IN NORMAL AND PATHOLOGICAL HUMANSX)

NORMAL PATHOLOGICAL

STRUCTURE Age (years) PARKINSON ALZHEIMER

17-18%
(90) largeerebral cortex neurons

Inf. frontal and sup. ternporal) 45% decr. decr.

(45-90)

Hippocampal cortex 27-80% decr. 47% decr.

Cerebellar corte(0-00
(Purkinje cells)x 25% decr.

(80)
Parietal and occipital cortex unchanged no differ.

Telenceohalon (putamen) decr.

Newborn (60)

Subst. nigra 400.000 (dopam.) 250.000 60.000 decreased

Young adult (60-80) 43%
Nucleus coeruleus 19.000 (norep.) 17.000-11.000 decr.

ucleus bas. Meine~t's Yugalt (06)66% 75-80%
N(ubst. innominata 450.00 (cholin.) unchanoed(?) decr. decr.

Brainstem nuclei (ventra] coc.,unane
inf. olive, mamn. bodies) nhne
Sranial Nerve Nuclei
trochlear, abducens, facial) unchanoed unchanged

Pons-hypothal amus unchanged

IMedulla oblongata unchanged

x )For ref. see text.'



TABLE II
CHANGES IN CELL DENSITY AND CHOLINERGIC ENZYTES ACTIVITY IN NUCLEUS

BASALIS OF CONTROL AND SDATXJ BRAINS

___________ CONTROL --- D5AT % DECREASE A----UTHOR/YEARS

CELL NUMBER 5.9 + 0.9 1.6 + 0.3 73 Whitehouse et al., 1981,
nr cells/grid 1982 (19,20)

total nr cells/ 344.6 + 64.6 72.4 + 14.6 79 Whitehouse et al., 1982(20)
section .0

-- - 50 McGeer et al., 1983 (8)

CELL DENSITY 10 15 33 Candy et al., 1983 (1)

nern T1 0 10 30 xx) 66xx) Candy et al., 1983 (1)

---- 33 Perr) et al., 1982 (11)

ChAcxxx) POSITIVE 104 35 66 Nagai et al., 1983 (9)
CELLS .

(h iririnoh ist:)che!m.) <-- 50 McGeer et al., 1933 (8)

ChAc ACTIVITY - 89 Perry et al., 193? (14)

--mo /h-g 70 Rossor et al., 1932a(13)

196.8 + 88 13.4 + 4.4 94 Candy et al., 1983 (1)

81 .8xxxx) 25 .9xxxx) 64 Rossor et al., 1980;

1982b (12,14)

AChE ACTIVITYxxxxx) INTENSE -- Rossor et al., 1982t)(14)
(histochemistry) STAINING

(umol/min/mg 676.8 + 101.2 141.9 + 33. 79 Candy et al., 1983 (1) 0
protein) _ _ _ _ _ _ _ _ _ _ _ _ _ ______ _ _ _ _ _ _ _ _ _ _

x) Senile dementia of Alzheimer type xxxx) Medium value
xx) Parkinsoni patients xxxxx) Acetylcholinesterase
xxx) Choline acetyltransferase



subcortical nuclei. Whether the irreversible neuronal loss is large or

moderate and its nature remains to be demonstrated by further studies, possibly

at the ultrastructural level. Another fundamental question is whether

Alzheimer disease is primarily a "cell body" or a "terminal disease" and what

is the time course and sequence of the neuronal damage (Table III). Other

important questions related brain aging in general and to SDAT in particular

are reported in Table III below.

TABLE III

SOME BASIC QUESTIONS WHICH REMAIN UNANSWERED f

1. ARE BIOCHEMICAL CHANGES SELECTI.VELY LOCALIZED TO CERTAIN BRAIN NUCLEI OR
ARE THEY DISTRISBUTED- 70 ALL CHOL-INERGTC SYNAPSE-S TN THE "NS?

2. ARE CHANGES RELATED TO THE NORMAL CEREBRAL AGING DROCESS, I.E. ARE THEY -

MECHIAN:S.S OF EN:YI.ATIC AO :T A7ION OR ARE T.HE-Y SPE2^FIC FOR SEN'LE
CE YENiTIA? HOW4 IMDORT;NT IS TEAGE RAGE OF THE CONTROL S? HOW IMPORTA T
IS THE SEVERITY OF THE X:SEASE?

3. WHICH IS THE: PRIMARY TARSET FOR THE CHMA AAEAND THE NUOA
DEGENEATON [)OES THE AGINjG PROCESS IV§EBOTH PRE- AND VOSTSYIAI71C
STRjCTU;:ES? DOES T"E PROZESS INVOLVE CTANR IERMIA-S FIRSTLY AND
PERIXRYA SC2Y?

4. ARE CHO-IN-RGIC^ NEURONS IN THE PNS AND C-NS EQUALLY AFFECTED0?

5. IS TUERE A RELATIOSH,:? BTENTHE ;ED2T7iON I NCO'LLNERGIC CORTICA-L

INNEVATON ND T'IE PATHOGEVESIS OF PLAQUE-S?

Cholineacetyltransf-2rase is synthesized in the cell body and then trans-

ported to the terminal of the cholinergic neurons while acetylcholine can be

synthesized at both locations. A defect could occur at both places in develop-

ing, adult or aging cholinergic neurons (5). It is, therefore, important to

develop models of aging which make it possible to study cell bodies as well as

terminals in the same population of cholinergic neurons throughout the entire

life of the animal. Such a model is described in the next section.
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The avian iris as a model of agina.

Aged chickens are defined as birds of age 36 months or older. However, as

in mammals, incipient signs of senescence may appear in the avian nervous S

system at earlier stages of life. In the chicken, these early signs can be

identified morphologically and biochemically in the PNS of the chicken after 24 -.

months of age (5). .Approximately 90% of adult weight as well as sexual

maturity are reached at 200 days (7 months) of age. The rate of growth of the

brain is very rapid at first and then gradually decreases as the body weight

increases, becoming very small beyond 300 days of age. Among degenerative S

signs related to old age, the close similarity of soontaneous avian

atherosclerosis to the human disease has been recognized since the beginning of

the twenthieth century (15,17). A combination of causal fact)rs which remind .

us of human pathogenesis, such as hemodynamic concitions, blood lipics

(including elevated plasma cholesterol) and tn robozenic Tecrianis-s has teen

demonstrated in avians (17).

In addition, in the chicken as an effect of ace, blood pressire increases

significantly in males and females from age 10-14 months to age 42-54 months.

It is interesting to note that most of the druas and hormones which are oressr I

or depressor in mammals have the same effect in birds (17).

Additional advantages in using the avian nervous system as a model of

aging are: a) the relatively long life span which allows to observe gradual

changes. In rodents, age-related modifications occur almost abruptly at the

end of life. b) possibility of studying discrete populations of homogenous

(cholinergic) neurons such as in the ciliary ganglion, maintaining a constant

number of cells throughout life span. c) possibility of investigating

separately, cell body and terminals belonging to the same neuron (ciliary """

ganglia and iris). d) possibility of parallel physiological and

I_
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pharmacological testing of pupillary functions in vivo. e) a good correlation

between biochemistry and morphology feasible through morphometric EM studies

and quantitative cytochemical analysis (5).

The ciliary ganglion preparation has proved to be a useful and simple

neuronal model of cholinergic synapses since its introduction in studies of
I

synaptic development'and plasticity (3,4).

In a series of studies which has been recently summarized by Giacobini

(5), we have made use of the ciliary ganglion iris preparation of the aging

chicken as a model of senescent peripheral cholinergic synapses. In humans,

one predictable aging marker has been emphasized: i.e. pupil function as

judged by pupil size. Senile miosis, a reduction in pupil size seems to -
I.

contribute a reliable sign of aging as the diaT.eter of the pupil correlates

closely to age for both the dark-adapted and light-adaoted eye (7).

Seventy-five percent of subjects 55 or older show 3 rm pupil diameter while all

those under 55 have pupils at least 4 mm in diaieter. In addition, pupillary

responses to cholinergic drugs are impaired in the elderly (16).

Based on the studies performed on the iris, an hyoothesis of aging of the

cholinergic synapse has been suggested (6). This hyoothesis contemplates age

related changes in carrier-mediated mechanisms and in molecular and physical

properties of neuronal membranes leading to a "chemical denervation" of the

cholinergic synapse. The concept of neuronal aging as an integration of

progressive and regressive cell changes, involving specific membrane mechanisms

in selective parts of cholinergic neurons has been previously discussed

(5,6). In order to firmly establish the cholinergic hypothesis of neuronal

aging in humans, several basic questions remain to be answered (Table III).

Experimentally, a close integration of biochemical and ultrastructural data and
thedevlomenonetststodetctearyignsofatholothe development of new tests to detect early signs of pathological aging of the..'[i

t
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cholinergic system are necessary. In the next section we will describe an

attempt in this direction.

Ability of the aqinq cholineraic synapse to take uo choline, release acetvl-

choline and to deplete and reform synaotic vesicles.

As illustrated in Fig. 1A, neuromuscular junctions in the iris of an aging

chicken (2 year) show polymorphic signs of damage such as, reJuction and 0

polymorphism of synaptic vesicles, increase of neurofilaments and mitochondria.

Accumulations of cytoplasmic organelles and lysosomes are seen in the axoplasm

of the nerve fiber (Fig. 13). At later stages the nerve ending is enveloped by •

Schwann cells infiltrating and partially filling the synaptic cleft. Quantita-

tive chances in the ratio describing the relation between volumes of terminals

and volumes of synaotic vesicles showing a trend to shift to the left are seen

from 4 m to 9 year (Fig. 2). This indicates a progressive decrease in the

volume occupied by synaptic vesicles (Fig. 2) and a Dossible functional

deficit. In order to establish the nature of such a deficit, we have examined

the ability of cholinergic synapses in the iris at various aces to take up the

precursor 3H-choline (Ch) and release the formed 3 H-ACh in response to high

K+ (115 mM) depolarization. We have observed that following release of ACh,

exocytosis clearly prevails on endocytosis and a nearly total depletion of

vesicles is present (Fig. 3A). This depletion is reversible, as after 60 min

incubation in a physiological medium the morphological recovery is almost

complete (Fig. 33). The scheme of a typical experiment is reported in Fig. 4.

Changes in endogenous levels of Ch, ACh and PhCh (phosohorylcholine) and in

release of 3H-ACh, are expressed as percent differences of levels before and

after depletion (A-3) or depletion followed by a period of recovery and a new . .

depletion (A'-B') (Table IV). For simplicity, we shall only comment upon

significant percent differences between young (4 m) and old (5 y) animals which

represent the extreme ages studied (Table IV). Under the condition of the

.... ...-.. .. .- -. .- - :"-': ,"C " Z -" ." ,, .. "-' .. : .-," . wP&Z, .",, ,: -, ." ,,",.".T ' . ' , ".".""".'""'L-"I ."T ' 1
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Figure 1: Iris muscle of a 2-year-old chicken. The neuromuscular junction
(A) Shows reduction and polymorphism of synaotic vesicles, increase
of microfilaments. (B) Note the accumulation of mitachondria and
lysosornes in the axoplasm of a nerve fiber. Cal ibrat ion bars
1 p.
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Figure 2: Summviary of preliminary results of morohometric an3lysis of nerve
enc.'ngs and synaptic components in the iris of young adult (4 mo.)
and aced (5 and 9 years) chicken. The figure shows the percent
distribution of VVIV ratio, where =V synaptic
bouton volume fraction, V., = synaptic vesicle volume fraction.
The results obtained by the analysis of tne iris NMJ of one
animal/age group are the average of 15-20 salVIoes/age. As seen from
the figure, there is a trend of the peaks to Shift to the left from
4 m to 9 y, demonstrating an age-related decrease in the relative
volume of synaptic vesicles.



SOH1111 OF RR LASE-RFCOVF~R-OPtCI O
(for deUils. see text)

Experint 1:

Pre up- A'cb Weease-deplotion B recovery
in .- *ap in . IF '

37-C £ 21-C 21*C A211C a

i. Als. .

Total duration or Experiment 1 2 hours and 40 min.

Experiment II:

* ,.,. In oadift-recOvery Areleai..4S.Dltion ~

21'C 37*C A 21-C £21*C
A

6s. Als.

Total duration of Experient If 2 hours and 50 sin-

T TJPIUIC solution A =I samle fixed for E.M.

s. -SamI s CM=high [K1 stimulation

Figure 4: Scheme of Release-Recovery-Depletion

first set of experiments (Exp. 1, Fig. 4 and Table IV) endogenous ACh levels

* are more significantly decreased (56 vs 14%) in the young animals than in the

5 y old. however Ch level declines equally at both ages. The release of

* 3H-ACh is probably also more pronounced at 4 In (53 vs 35%) than at 5 years.

*The difference in 3H-Ch anid 3 .H-PhCh are similar at both ages. Such changes

*suggest that the mechanismn of depletion may be more active in young animals.
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TABLE IV

CHANGES IN CHOLINERGIC PARAMETERS FOLLOWING
STIMULATED RELEASE OF ACETYLCHOLINE

E XP E.-% 1MEN T A;

PERIOD AGE PER CENT DIFFRENC-E.
ACh Ch wACn Cn "PnCn

4 m 564 32 , 5S3 62, 254

A-B 1.5 y 3541 28 6-4, 75, 20

5 y 144, 3o 5 54 6941 271

Al- '1 1 c  21 ?9 12"16: '

5 y 44 45 " -'p -- -y-- ~

The Fi;ures represent th e 're an of at leas t-ee analyses
oerfor.ei on a total of five ani-als.
A-3 First perido of re'ease deot.o ; -7 - cond
oe-ic of release - deoletio.; laoelez - .see
Fig. 4; ACh = acetycn:1ine; Ch = clol'ne; Ph :
Dhos*,ncrylcnol ine
. 'Arrows indicate positive (increase) or ne.:ive

(ecrease) hchances between A and B va._es ,ex:-essed
as a percentage of A, starting value' - e.:. 56
ex:rress a release of :5', f the A n" D-esen'. 0oint A,.
'mnen coTDared to ooint 3 (see Fig. 4)

. In the second set of exeriTents (Exp. I:, Fi-. 4 and Table !V), on tne

contrary, endogenous ACh levels are more decreased in tne old animals and tne

percent decrease in Ch levels is also significantly more severe at 5 y (45 vs

1%). The formed 3H-ACh is more depleted at 5 years (33 vs 11%) than at 4 m.

- This loss is reflected in both Ch and PhCh strong negative changes.

In conclusion, experiments testing the upta~e and release capacity of the

.- peripheral cholinergic synaose under acute conditions of stimulation suggest

. that severe changes may occur at later stages of life. If a sufficiently tong

period of recovery is allowed, aging iris terminals are still capable of

- f,"-.
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responding with an adequate depletion of ACh following two subsequent periods

of release and reloading. However, under such strenuous conditions both Ch and

PhCh pools are significantly deDleted. These experiments seem to point out for .

the first time a specific functional defect in the cholinergic synapse during

aging.
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PLEASE ADD AT THE END OF THE MS!

NOTE ADDED AFTER COMPLETION OF MANUSCRIPT

Three laboratories reported independently at this meeting some new results

which confirm the loss of cholinergic cells in forebrain structures of human

SDAT patients. McGeer et al. reported a decline in cholinergic neurons from

450.000 in the young adult to 50-100.000 in SDAT patients. It should be noted

that similar changes in cell number were observed in two non-cholinergic areas

(locus coeruleus and substantia migra) by tne same authors. According to these
authors age-related conditions and senile aementia follow the same pattern,

however, in SDAT the insult is ,more pronounced. According to Bigl et al. (see

T. Arendt, V. Bigl, A. Arendt and A. Tennstedt, A:ta %Neuropathol., 61:101-103,

1933), the neuronal loss is 70% in Alzhei-er, 75% in Parkinson (paralysis

agitans) and 50% in Korsakoff patients. Etienne et al. found a 60-90% loss in

neurons stained with AChE histochemistry and a 63-90% decrease in cell counts.

These three retent observations underline the necessity of answering the

questions reported in Table III before reaching a final conclusion about S04T

and involvement of the cholinergic system.

Attention: Replace Table I (enclosed) as corrected.
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:-Ogleiay, W.Va. Oct. 30 thru Nov. 4, 1983-

AGING OF CHOLINERGIC SYNAPSES: FICTION OR REALITY? Ezio Giacobini, Southern
Illinois University School of Medicine, P.O. Box 3926, Springfield, Illinois
62708 USA

r

Combined neuropathological and biochemical evidence suggests that a primary
degeneration of cholinergic axons projecting to the cortex, and a secondary
reduction in number of cholinergic neurons may occur in specific subcortical
nuclei (basal forebrain), during pathological aging in humans. The factors
inducing such a selective loss in cholinergic function are not known. Quantita-
tive analysis of neuronal pooulation density and biochemistry show that neurons
and synapses other than cholinergic may also be affected by the same aging
process. Variable data have been reported with regard to the relationship
between neuronal losses and cholinergic changes and to the magnitude of the
reductions. In order to firmly establish a cholinergic hypothesis of senile
dementia, we will first discuss relevant questions such as:

1. Are biochemical changes selectively localized to certain brain nuclei or
are they distributed to all cholinergic synapses in the CNS?

2. Are changes related to the normal cerebral aging process, i.e. are they
mechanisms of enzymatic aaaotation or are they specific for senile
dementia? How imoort~nt is the age range of the controls? How imoortant
is the severity of the disease?

3. Which is the primary target for the chemical damage and the neuronal degen-
eration? Does the aoina process involve both pre- and postsynaotic struc-
tures? Does the process involve cholinergic terminals firstly ano
perikarya secondly?

4. Are cholinergic neurons in the PNS and ONS equally affected?
5. Is there a relationshio eveen the reduction in choline-gic cortical

innervation and the pathogen-esis of plaques?

In the second part of our presentation, a model of peripneral choline-aic
aging, tne iris, will be introduced. This model allows us to stjoy major
cholinergic parameters together witn pupillary function. In humans, ouoillary
size constitutes a predictable marker of age-related puoillary function and
senile miosis seems to contribute a reliable sign of aging of the cholinergic
innervation of the eye. Observations will be presented which supoort the view
that terminals of cholinergic neurons, particularly in the PNS, represents more
vulnerable targets of aging process than cell bodies. Recent attemots to
characterize the cholinergic damage to synaptic membrane function will be
discussed.

Supported in part by AFOSR grant *83-0051 and Nowatski Eye Fund.
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-Oct. 30 thru Nov. 4, 1983
Oglebay, W.Va.

EFFECTS OF DFP ON ACETYLCHOLINE METABOLISM AND RELEASE AND PUPILLARY FUNCTION IN
THE RAT. T.G. Mattio, J.S. Richardson and E. Giacobini, Southern Illinois
University Scnool of Mea'ine, P.O. Box 3926, Springfiela, Illinois 62708 USA

The effects of acute topical administration of diisooropylphosphorufluori-
date (DFP) on cholinergic biochemistry and ACh release were determined and
correlated to oupillary function in the rat. OFP (5 ug) reduced acetylcholin-
esterase (AChE) activity to 36% at 1 min and to 8% after 5 min and remained
decreased for up to 6 hrs. Pupillary area was normal at 1 min and by 3.5 to 4
min complete miosis occurred and no light reflex could be elicited for up to 6
hrs. Acetylcholine (ACh) levels were increased 34% at 1 min and by 5 min showed
a 54% increase. This increase remained stable for 120 min after which it
decreased to 29% at 6 hrs. Choline levels were decreased 22% at 5 min but
recovered by 15 min and remained at control levels through all time points
studied. The presence of a presynaotic-muscarinic receptor was demonstrated in
the iris. The role of this receptor in inhibiting ACh release in the presence
of DFP was also dete-mined. OF? snows an inhibitory effect on A'h release which
was blocKed by scooolaiine suagesting that it is mediatea througn a muscarinic
receptor. The r3t iris provel to be a good model for studyina of AChE agents
since biocne.ical 'inainas are easily correlated to physiological effects on the
pupil.

Supported in part 'y AFSR grant s83-0051 and Nowatski Eye Fund.
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Society for Neuroche-listry
- Portland, OR 3/11-16/S4

A SPECIFIC FUNCTIONAL DEFECT OF PERIPHERAL CHOLINERGIC SYNAPSES DURINGS
AGING

Mussini, I.*, Mattio, T.G.*. Giacobini, E. and Richardson, J.S.
Oept. Pharmacol., So. Ill. Univ. Sch. Med., Springfield, IL 62703 USA
Neuromuscular junctions in the iris of aging (2-4 yrs) chicken show

polymorphic signs of degeneration such as reduction and poly-norphism of
synaptic vesicles, increase of neurofilaments and mitochondria. Accumula-
tions of cytoplasmic organelles and lysosomes are seen in the ax-olasm of
the nerve fiber. At later stages (5-9 yrs) the nerve ending is enveloped
by Schwann cells infiltrating and partially filling the synaptic cleft.
Quantitative chanqes in the ratio describinq the relation V v/Vvs
between volumes of terminals (Vvv=synaptic bouton volu.e fraction) and
volumes of synaptic vesicles (Vvv = synaptic vesicles volum.e fraction)
show a decrease from .4 to .2 between 4 month and 9 years. This indicates
a progressive decrease in the volume occupied by synaotic vesicles and a
possible functional deficit. We examined the ability of cholinergic
synapses in the iris at vario s ages to take up the precursor 3H-choline
(Ch) and release the formed H-acetylcholine (ACh) in response to high
K* (115 rVM) depolarization. We have observed that following release of

r-- ACh, exocytosis clearly prevails on endocytosis and a nearly total deole-
tion of vesicles is present. Under acute conditions of stimulated release,
aging te-minals are still capable of an adequate deoetion of ACh. How-

-ever, under more strenuous conditions of multiple kinas of loadinq-reload-
ing and release to'rn Ch and phosohorylcholine are sicnficant'y 3eo.eted.
These experi.nents coint out for the first time a specific finctional defect
in the cholinergic synaose during aging.
(Suoported by AF3SR Grants 81-9229; 83-0051, Nowatsky Eye Research Founda-
tion ano E.F. Pearson Foundation to E.G.)

A SPECIFIC FUCTIC!:_1L 'LFET OF PERIPHEr AL CHOLINEFGIC SY',A'rES rC.. .0 A".G

Giacobini, Ezio

So. Ill. Univ. Sch. Med., P.O. Eox 3925, Sprincfield, IL 6270,8

217 /785-2185
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-Society for Neurochemistry

THE ROLE OF A PRESYNAPTIC MUSCARINIC AUTORECEPTOR IN ACETYLCHOL!NE,-.' r ,SEE
FROM RAT IRIS

Mattio, T.G.*, Giacobini, E. and Richardson, J.S.
Dept. Pharmacol., So. Ill. Univ. Sch. Mea., Springfield, IL 62703 USA
The release of acetylcholine (ACh), both in central and peripheral

nerve tissues, is controlled by a presynaptic muscarinic autoreceptor that
is responsive to exogenous and endogenous muscarinic agents. In the albino
rat iris we have demonstrated the presence of a muscarinic autoreceptor and
elucidated its role after acetylcholinesterase (ACHE) inhibition by di-
isopropylfluorophosphate (DFP). The electrically stimulated release of ACh
(50 Hz, 20 mA, 5 ms souare wave) in the rat iris was shown to be temper..-
ture, Na and Ca++ dependent. Addition of I0-4M and 10-M
scooolamine in the superfusion buffer, increased ACh release by 190 and
150%, respectively. The addition of 10-4, 10-5  and 10-°4 DFP
in the buffer sigificantly decreased the release of ACh and inhibited AChE
activity by more than 90%. This inhibition of ACh release was totally
reversed by scopolamine (10-6M) indicating the involvement of a muscar-
inic autoreceptor. The accumulation of ACh in the syna:tic cleft after
DFP, results in muscarinic activation and a consequent feedback inhibition

-of ACh release. Ftrther characterization of this autoreceotor and its role
after AChE inhibition will be described.

-(Supported by Grant AFOSR-33-0051 to E.G.)

T1 - CLE OF A PRESYNAPTIC. .USC.*I:NIC AUTOPECETC I:! ACETYLCHCLINE .ELEASE
F;C" .-.A7 IRIS

Giacobini, Ezio

So. Ill. Univ. Sch. Me.., P.C. Box 39., Springfield, IL 627C3

217/785-2185 a.
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R~TERL FAPEYATCMSAII UO ootcueny~ :j ECEPTOR IN ACETYLCHOLINE RELEASE FROM RATEI IIIi I1~
* '* ,-~ IRIS. ':.

-'D-eoartnent of Pharmacology, So. Ill. Univ.
* cn. Med., Springfield, IL 62708 USA Type abstract within

* I the black rectangle

In the albino rat iris we have demionstrated
tepresence of a muscarinic autoreceotor and DO NOT FOLD

THIS FORM
- .. :. ~. ... licidated its role after acetylcholinesterase

.. < (ChE) inhibition by diisopropylfluoro~hos-
- na e (OFP). The electrically stimulatej

- -. '. etease of ACh (50 Hz, 20 mA, 5 -is sajare
* a~) in the rat iris was shown to be tempera-

..* re, Na&* and Ca++ dependent. A-ition
of 10-'M and 10-5M scooo Ia-nine in the
suierfusion buffer increased ACh release by
J )and 1501y, respectively. The addition of

1Q-19 10-: and 10-OM DF? i n the 4
u."e sigif icantly decrease the rlaeo
'k and inhibited AChE activity by more thai.

This inhibition -fAh release a
a 11 ly reversed by scopolamrine (0~,

* . .~ :~ irdocatina the involvemnent of a mljs--arifli-
,~au:,-receptor. The accumnulation of A 'i in thet
2 K synaotic cleft after OF?, resjlts in njscar-

inic activation and a consequent feedback
~irhi bition of ACh release. (Suoporteo bye

.. . rent AFOSR-331-0051)
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.S- . " " /th nnual Mies e 0bio ogy Meeting
. - St. Louis, MO April 6-8, 1984

GIACOBINI, E., MUSSINI, 1. and MATTIO, T.
"Aging of Cholinergic Synaoses in the Avian Iris"
Department of Pharmacolocy, Southern Illinois University School of Medicine,
Springfield, Illinois 62708

We have made use of the ciliary ganglion-iris preparation of the aging
(1.5-9 yrs) chicken as a .qocel of senescent peripheral cholineraic synapses.
Neuromuscular junctions in the iris of aging chickens show early (1.5 yrs)
morphological signs of damace such as, reduction ano ooly'oronism of
synaptic vesicles and inc-ease -f neurofilaments and mitochondria. AccUmu-
lations of cytooias.nic or-gane-es and lysosomes are seen in the ax.col)sm of
the nerve fiber. At later stages (5-9 yrs), the nerve ending is enveloped
by Schwann cells infiltrating an filling the synaptic cleft. QuaItitativemorpno-netric changes in tne ratio describing the relaticnsnin between
volumes of terminals and volu--es of synaptic vesicles show a orogressive

decrease in the volue occjoiea by synaotic vesicles. The ability of the
Sholinergic synapses to ta<e uD 3H-choline and release the formed
3H-acetylcnoline (ACh) in res: nse to hiah K*-deoolarization is imoai-ed
at 5 yrs resulting in a siqn.ficant depietion of the 3 H-AC1 releasaole
pool. These experim~ents see- to point out for the first time a selective
functional defect in the cho".ine-gic synapse during aging. (Suoportea by
AFOSR Grant NL-144 ani by Now.atsi Eye Research Fund to E.G.)
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